Immobilized insulin, prepared by coupling insulin directly to agarose or through hydrocarbon "connecting arms," was demonstrated to be capable of firmly binding intact adipocytes and their ghosts. Various lines of evidence indicate that the insulin receptor on the plasma membrane, in addition to the insulin coupled to the agarose, was responsible for the observed binding. This evidence includes: (a) the finding that increasing the "arm" length increased the binding capacities of insulinSepharose affinity chromatographic columns, (b) specific inhibition and reversal by insulin and antiserum to insulin of the binding, as compared to lesser effects by other peptide hormones, (c) the indication that only the plasmamembrane sacs, not the other cellular contaminants in the crude ghosts, are capable of binding, and (d) the impairmerit and restoration of trypsin-sensitive membrane binding sites that are also required for insulin biosensitivity. These findings support the idea that the insulin receptor is the trypsin-sensitive site. By use of the differential btloyant densities of the various cell-bead complexes that resulted from the interaction of adipocytes with insulinSepharose, a new procedure was developed to demonstrate and study the binding. These complexes could also be demonstrated by interference contrast microscopy. Binding readily occurred under conditions favorable for insulin stimulation of the cells. By coupling tracer amounts of [1251]insulin to Sepharose oj insulin-Sepharose, the effects of anti-insulin antisera, free insulin, and other peptide hormones and supplemental factors on the buoyant-density distribution of the complexes could be measured, as well as the effects of other ligands coupled to Sepharose.
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Despite the rapidly accumulating literature on the various applications of proteins coupled ("immobilized") to insoluble matrices, most of the published research on the insulin (I) receptor used free radioiodinated insulin, rather than immobilized native insulin, as the interacting hormonal agent. Except for our earlier preliminary report (1) , there has been no published evidence demonstrating the ability of immobilized insulin to bind insulin receptor-containing intact cells or membranes. Other recent studies iih our laboratory (1, 2) and by Cuatrecasas (3) have indicated the potential of immobilized insulin for the affinity chromatographic isolation and purification of solubilized membrane fractions capable of binding [1251] insulin. Abbreviations: ILysS or IPheS, insulin (I) coupled at pH 9 and 5, respectively, to cyanogen bromide-activated Sepharose (S) as described by Cuatrecasas and Anfinsen (13) . According to Cuatrecasas (4) , coupling at these pH values results in I coupled through its lysine (Lys) (pH 9) or N-terminal phenylalanine (Phe) (pH 3).
ILys5S or IPhe5S, ILys, or IPhe coupled at these pH values to the w-bromoacetamidoalkylamino-S derivatives (15) , thereby resulting in insulin coupled to S via diamine-connecting arms-s(1.) of from 2 to 7 carbons in length; ILys5S and IPhe5S represent the 5-carbon (pentyl) derivatives. Insulin-S, general term not specifying any particular linkage. * To whom to address correspondence.
It had been indicated previously that insulin coupled to Sepharose (S) retains the biological properties characteristic of the native hormone (4) (5) (6) . Because of the relatively large size of the Sepharose beads, it was concluded that the hormone acts on the surface membrane of the cell (4). However, since Oka and Topper (6) could observe no actual binding of insulin-Phe-Sepharose beads to mammary epithelial cells that were sensitive to the immobilized-but not the free-hormone, they questioned the involvement of binding, from a mechanistic point of view, in the biological response to the hormone.
Specific binding of [ln2I]insulin(monoiodinated) to liverand fat-cell membranes and intact fat cells has been demonstrated (7-9) and shown to correlate well with the differing bioactivities of various insulins and insulin derivatives (7) . However, the question of the effect of radioiodination on the biological activity of the hormone appears to remain a controversial subject (10, 11 Membrane-bound hexokinase was determined by the nitroblue-tetrazollum: glucose-6-phosphate dehydrogenasecoupled staining procedure (16) . The intensities of the resultant membrane-associated blue color were estimated visually and found to require glucose, ATP, and Mg++. According to the studies of Rodbell (13), 15% of the total cellular hexokinase is distributed in fractionated ghost preparations in proportions similar to those of plasma membrane adenylate cyclase.
RESULTS
In Fig. 1 is depicted an example of the ability of affinity columns of insulin coupled directly to cyanogen bromideactivated Sepharose (17) was the control column. A 0.5-ml aliquot of ghosts suspended in Krebs-Ringer bicarbonate buffer (pH 7.4) with a total turbidity at 280 nm of 6.30 per aliquot was applied to each siliconized glass column (6 X 105 mm) containing 1 ml of packed bed. Buffer was then continuously applied to the columns and 0.5-ml fractions were collected. Mixing the contents of each column (by repeatedly inverting) after collecting fraction 10 led to no further turbidity Fig. 1 .
In an examination of the specificity and reversibility of the binding seen in Fig. 1 , it was found that free insulin at 6 mg/ ml was capable of slowly, but progressively, eluting about 80% of the ghosts, whereas albumin at this concentration was ineffective. However, some membrane could also be eluted with 4% bovine-serum albumin. Inasmuch as some of the insulin used for elution may be expected to become "trapped" on (i.e., bound to) free receptor sites on the bound membranes, the concentration of insulin required to elute the ghosts may not be unreasonably high. In addition, the local concentration of immobilized insulin near the membrane binding sites may be relatively high. Guanidine* HCl at 6 M was very effective in eluting the ghosts, whereas .1 M NaCl, 0.05 N acetic acid, and 0.05 N NaOH had little effect. Significantly, the insulin-S preparations treated with antiserum to bovine insulin exhibited no binding capacity.
Earlier studies on protein purification by affinity chromatography suggested the importance of interposing a hydrocarbon chain ("arm") between the Jigand and the insoluble polysaccharide backbone (18) . Table 1 shows that insulin-S preparations with progressively increasing arm lengths exhibited increasing binding capacities, although the insertion in subsequent fractions.
of only a 2-carbon length arm resulted in decreased binding compared to the derivative with no arm. This finding suggests that the arm and components necessary for interposing the arm, in contradistinction to the insulin, are not responsible for the binding.
Measurements were also made of the binding of 14C-labeled ghosts to insulin-S (Table 2) . Results comparable to those determined by the enzyme staining and turbidimetric methods were obtained. Kono (19) has shown that trypsin (1 mg/ml) completely abolishes the insulin sensitivity of fat cells without significantly affecting the baseline rate of glucose utilization; sensitivity to insulin was restored after a 90-min incubation of the insulin-insensitive cells with soybean trypsin inhibitor (8, 19) . Kono attributed these effects on the insulin sensitivity to the insulin receptor (19) . We have confirmed these findings. In Fig. 3 are illustrated examples of cell-ILys5S complexes as seen by Nomarski interference contrast microscopy. When a mixture (taken from tube B, Fig. 2 ) of insulin-S beads and cells were examined, beads (in virtually the same plane of focus as cells) could clearly be seen to be surrounded by cells bound to each bead (Fig. 3, panel A) . However, since control Sepharose beads settle beneath the floating cells on the microscope slide, almost no beads could be seen in a mixture of Sepharose and cells when the cells were in focus (not shown). More dilute mixtures containing from one to three cells bound per ILys5S bead are seen in panels B, C, and D of Fig. 3 . Because of the rapid separation of cells from Sepharose beads noted above, cells and ILys5S beads could not be seen simultaneously in focus unless they were bound to each other, as in these photographs. It is important to note that these cells were seen to stay bound to, and move with, the insulin-S beads when convection currents created movement of the fluid medium on the slides.
In Tables 4 and 5 (Table 4) by antiserum to insulin. Significantly, prior exposure of insulin-S to antiserum to insulin followed by extensive washings of the beads with buffer completely inhibited the beads' binding capacity, while similar prior treatment with excess insulin had no effect. The binding capacity of these antiserumblocked beads could be completely restored by washings with 6 M guanidine HCl.
Insulin at 10-5 M specifically inhibited the binding of 4 X 10-5 M immobilized hormone to the cells, while other proteins and hormones (Table 5) had lesser effects at higher concentrations. It is likely that at the point of attachment of membrane to bead, multiple receptor sites of binding are involved. Also, the local concentration of immobilized insulin near these sites may be high, so that the concentration of insulin required to inhibit or reverse binding may also be high. Whether the lesser effects of the other proteins indicate some nonspecific binding capacity inherent in the insulin-S, or reflect binding of these proteins to membrane sites adjacent to the insulin receptor thereby blocking it (directly or indirectly), is not known. The possibility that zinc associated with the immobilized insulin may be involved in the binding was eliminated by our findings that (a) zinc-free ILys5S exhibited binding properties identical to those seen in Tables 4  and 5 , and (b) 10-2 M ZnC12 had no effect.
DISCUSSION
The specific binding of isolated fat cells and their plasma membranes to immobilized insulin may represent a promising new tool to study the insulin receptor. In a reference to membrane binding to insulin-agarose cited as "unpublished data" in a recent review (20) , the possibility of utilizing insoluble hormone derivatives to separate cell populations according to specific functions was suggested. Previous investigations in our laboratory (1, 2) and by Cuatrecasas (3) (7) (8) (9) , to test the hypothesis of Oka and Topper that rather than a tight binding, the collision with, or detachment of the hormone from, the cell may be required for hormonal activity (6) . This hypothesis was proposed on the basis that no binding could be observed between IPheS beads and mammary epithelial cells sensitive to the immobilized, but not the free, hormone (6) .
While further studies will be required to relate specific binding to biological activity, the present studies demonstrate the ability of several insulin-S preparations to bind firmly viable, intact fat cells under conditions compatible with the expression of bioactivity of these (see Methods) and other (4-6) insulin-agarose preparations. Although several questions have recently arisen (21, 22) concerning the validity of some of the earlier studies (4) on whether "free" or "immobilized" insulin was responsible for the observed bioactivities, a demonstrated binding to insoluble beads, by definition, does not involve solubilized hormone.
Several lines of evidence presented demonstrate the specificity of the binding by insulin-S. They are also consistent with the concept that such firm binding is involved in, or at least does not mitigate against (6) , insulin stimulation of the fat cell. Included in this evidence is the specific inhibition and reversal of this binding by antiserum to insulin and by insulin, as well as the presence of trypsin-sensitive sites on the fat-cell membrane required for both binding and biosensitivity. It is interesting to note that no more than 75% of the total amount of ghost preparation applied to each affinity column could be found bound ( Fig. 1 and  Tables 1, 2, and 3 ). This may be comparable to the proportion of sacs of plasma membranes in the ghost preparation. It is known that this preparation contains, in addition to ghosts, free nuclei and other unenclosed intracellular particles (13) .
Thus, these affinity columns may be capable of purifying receptor-containing plasma membranes. While none of these lines of evidence exclude the possible involvement of biologically "nonproductive" insulin-binding sites, they do demonstrate the ability of immobilized insulin to bind specific receptor sites on the membrane in a manner comparable to the binding and biological properties indicative of native insulin.
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